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CryopreservationThe objective of this study was to verify the effect of different freezing curves, straw sizes, and thawing
rates on the cryopreservation of collared peccary semen. Twelve ejaculates were obtained from captive
adult males by electroejaculation, and evaluated for sperm motility, kinetic rating, viability, morphology,
and functional membrane integrity. The ejaculates were diluted in a coconut water extender (ACP-116c)
with egg yolk and glycerol, packaged into 0.25 mL or 0.50 mL plastic straws and cryopreserved in liquid
nitrogen following a slow (10 C/min) or a fast (40 C/min) freezing curve. After one week, samples
were thawed at 37 C/1 min or 70 C/8 s and evaluated as reported for fresh semen, and also for kinematic
parameters (computerized analysis). A signiﬁcant decrease in sperm motility and kinetic rating was
observed after glycerol addition at 5 C and also after thawing for all the treatments (P < 0.05). Regarding
post-thaw semen variables, no differences were veriﬁed between freezing curves when the same straw
size and thawing rate were taken as reference (P > 0.05). In general, values for sperm characteristics
found after thawing at 37 C were better preserved than at 70 C (P < 0.05), both in the use of 0.25 mL
or 0.50 mL straws, which were similar for semen packaging (P > 0.05). The evaluation of the kinematic
parameters of sperm motility conﬁrmed these results at values varying from 20% to 30% motile sperm
for the samples thawed at 37 C, and values fewer than 12% motile sperm for samples thawed at 70 C
(P < 0.05). In conclusion, we recommend the use of a fast freezing curve that reduces the time spent
on the cryopreservation of collared peccary semen, which could be packaged both in 0.25 mL or
0.50 mL straws, but the thawing should be conducted at 37 C/1 min.
 2013 Elsevier Inc. All rights reserved.Introduction
Collared peccaries (Pecari tajacu) are among the most hunted
species in Latin America due the appreciation of their pelt and
meat [10]. Although the population of these animals is considered
as stable [20], they were recently classiﬁed as vulnerable to extinc-
tion in Brazilian Atlantic Forest biome [19]. The use of reproductive
biotechnologies, especially those related to gametes preservation,
would allow the maintenance and the exchange of genetic source
from the animals [3].
Castelo et al. [7] demonstrated that collared peccary semen ex-
tended in Tris-egg yolk could be cryopreserved following a slow
freezing curve adapted from that described for domestic swine
[32]. Additionally, those same authors veriﬁed that it is not neces-
sary to centrifuge the ejaculates prior to cryopreservation sincethis procedure promotes damage to the sperm [8]. Recently, Silva
et al. [34], using the same freezing curve, showed a coconut
water-based extender, ACP-116c, to be an effective alternative
for the cryopreservation of semen of this species.
It is well known that besides the type of the extender and the
concentration of permeable and non-permeable cryoprotectants
used, other factors may affect the post-thaw semen characteristics,
such as the semen packaging system and freezing and thawing
rates [2]. Temperature variations in the sperm freezing and thaw-
ing procedures cause ultrastructural, biochemical, and functional
damage to these cells [31]. A typical inverted U-shaped relation-
ship exists between the cell survival and freezing rates [25]. There-
fore, an optimum freezing rate should be slow enough to prevent
intracellular ice formation and fast enough to minimize the
osmotic shock [26]. In general, it is expected that slow freezing
rates result in the dehydration of cells to compensate for the
greater extracellular salt concentration due to ice formation at
sub-zero temperatures. Consequently, the intracellular salt con-
centration increases lead to osmotic shock (solution effect). How-
ever, rapid freezing rates would result in cells that do not have
sufﬁcient time to dehydrate, leading to intracellular ice formation
upon freezing [4].
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face-to-volume ratio inﬂuences the velocity of latent heat dissipa-
tion, affecting the sperm thawing procedure [33]. For swine, the
domestic animal closely related to the peccaries [9], the type of
package used to freeze–thaw semen usually affects sperm motility
and viability [6]; but, by now, only 0.25 mL straws were used for
freezing the semen of collared peccaries [7,8,34].
The objective of this study was to verify the effect of different
freezing curves, straw sizes, and thawing rates in order to improve
the protocol for collared peccary semen cryopreservation.
Materials and methods
The ethics committee of the UFERSA has approved the experi-
mentalprotocols aswell as theanimal careproceduresadopted (Pro-
cess no. 23091.0253/114). The reagents used in the present study
were obtained from Sigma–Aldrich (St. Louis, MO, United States).
Animals
A total of eight sexually mature male collared peccaries, aged
40.7 ± 1.6 months with a weight of 22.5 ± 2.8 kg were included in
the study. The animals belonged to the Centre of Multiplication
of Wild Animals from UFERSA, located in northeast Brazil (Mos-
soró, RN, Brazil; 5 1000 S, 37 1000 W). The region is subject to a
typical semi-arid climate with an average annual temperature of
27 C. The animals were isolated from the females for a period of
six months prior to the commencement of the study and were kept
under a 12 h natural photoperiod. Subsequently, they were divided
into groups of four and ﬁve animals and maintained outdoors in
paddocks (20  3 m) with a covered area measuring 3  3 m. The
animals were fed on a diet of sow food and fruits, and water was
provided ad libitum.
Anesthesia
The animals were kept in fasting condition for 12 h prior to the
start of the experiments. They were then physically restrained
using a hand net and anesthetized using intravenous administra-
tion of propofol (Propovan, Cristalia, Fortaleza, Brazil), given as
a bolus (5 mg/kg) [36]. When the animal showed signs of awaken-
ing, additional propofol (approximately 1.25 mg/kg) was given to
prolong the anesthesia. During the procedure, an indwelling ve-
nous catheter was inserted into the cephalic vein for ﬂuid therapy
(0.9% physiological saline solution), and the physiologic parame-
ters were monitored.
Semen collection
The animals were kept in lateral recumbency, and semen was
collected using an electroejaculator (Autojac, Neovet, Campinas,
SP, Brazil) connected to a 12 V source. The stimulatory cycle in-
cluded 10 stimuli in each voltage, starting from 5 V, and followed
by a voltage increase in steps of 1 V up to 12 V. Each electrical
stimulus lasted for 3 s, with intermittent breaks of 2 s. The stimuli
cycle was maintained for a duration of 10 min from the beginning
of the procedure. The electroejaculator probe measured 15 cm in
length and 1.3 cm in diameter; a length of 12 cm was inserted into
the rectum of the male [7,8]. The semen was collected in plastic
tubes and immediately evaluated.
Semen evaluation
The semen volume was measured by micropipettes, and the
color of the semen was noted. Sperm motility and kinetic rating(0–5) were assessed immediately by evaluating a sample (5 lL)
under light microscopy at 100 and 400 magniﬁcation. Brome-
phenol blue-stained smears [12] were prepared with 5 lL of semen
for evaluating the sperm viability and morphology, using light
microscopy (1000), counting 100 cells per slide. The sperm mor-
phologic defects were classiﬁed as primary, when derived from the
sperm production in the testes; or secondary, when originated
from the sperm maturation in the epididymis or from the sample
manipulation. The same smears were used for acrosome integrity
evaluation under phase-contrast microscopy (400). Following
the initial assessment, a 5 lL semen aliquot was diluted in 10% buf-
fered formalin (1 mL) and the sperm concentration was deter-
mined using a Neubauer counting chamber. The functional
integrity of the spermmembrane was evaluated by a hypo-osmotic
swelling (HOST) test, using distilled water (0 mOsm/L) as the hypo-
osmotic solution [28]. Brieﬂy, semen (0.01 mL) was diluted in
0.09 mL hypo-osmotic solution and kept in a water bath at 38 C.
After 45 min, an aliquot of semen was placed on a glass slide, cov-
ered by a coverslip, and evaluated by phase-contrast microscopy
(400), counting 100 cells. Sperm with swollen coiled tails were
considered to have a functional membrane.Extenders
The ACP used in the experiment was registered as ACP-116c
for use in the cryopreservation of the collared peccary semen. ACP-
116c is composed of dehydrated coconut water and pH regula-
tors. A vial of ACP-116c contains 12 g of the product, which must
be diluted with 50 mL of distilled water, according to the fabri-
cant’s recommendation (ACP-Biotecnologia, Fortaleza, Brazil).
After reconstitution, the extender pH was 7.4 with an osmolarity
of 307 mOsm/kg. The semen samples were diluted in ACP-116c
extender with 20% egg yolk, evaluated for motility and kinetic rat-
ing, and divided in two aliquots that were equilibrated following
different freezing curves.
A two-step dilution was conducted and the glycerol was only
added to the samples at 5 C. The ﬁnal dilution resulted in a sperm
concentration of 100  106 sperm/mL.Freezing curves and packaging
The ﬁrst aliquot (control) was subjected to a slow freezing curve
previously described for collared peccaries [7]. In this protocol, the
aliquot was stored in a water jacket (30 mL) at 27 C and equili-
brated for 240 min to reach 5 C in a biological oxygen demand
(BOD) incubator (Quimis, Diadema, SP, Brazil). At that point, the
sample was added to the extender with 6% glycerol (also at 5 C),
which resulted in a ﬁnal concentration of 3% glycerol in the exten-
der, and the sample was then evaluated. Finally, the semen aliquot
was divided and packed into 0.25 mL or 0.50 mL plastic straws
(IMV Technologies; L’Aigle, France) that were placed horizontally
in an insulated box for 20 min, at 3 cm above the nitrogen (N2) va-
pors, and then plunged into N2 for storage at 196 C, following a
slow freezing rate at 10 C/min.
The second aliquot was cryopreserved following a fast freezing
curve described by Silva et al. [35]. Semen aliquot was stored in the
water jacket at 27 C and equilibrated for 40 min to reach 15 C in a
BOD incubator (Quimis, Diadema, SP, Brazil). Further, BOD incuba-
tor was adjusted to establish at 5 C for 30 min. Then, the glycerol
addition and package was conducted as described for the ﬁrst ali-
quot. However, the straws were placed at 5 cm above the N2 vapors
for 5 min, and then ﬁnally plunged into N2 at 196 C for storage,
following a fast freezing rate at 40 C/min.
In both groups, the digital thermometer of the BOD incubator
monitored the cooling rate up to 5 C. Further, the probe of an
Table 1
Sperm characteristics in fresh ejaculates of collared peccaries (Pecary tajacu) collected
by electroejaculation (n = 12 ejaculates from 8 males).
Mean ± SEM Range
Volume (mL) 6.8 ± 1.3 1–14.8
Sperm concentration (106) 978.3 ± 118.7 280–1680
Sperm motility (%) 91.3 ± 1.9 85–95
Kinetic rating (0–5) 4.7 ± 0.1 4–5
Viability (%) 89.7 ± 1.2 80–94
Hypo osmotic swelling test (%) 79.2 ± 3.4 52–93
Sperm morphology
Normal (%) 77 ± 4.7 44–96
Primary defects (%) 1.5 ± 1.8 0.0–2.3
Secondary defects (%) 21.5 ± 7.8 4.0–56
Total defects (%) 23.0 ± 4.7 4.0–56
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taining N2 vapors in order to monitor the cooling rates.
Thawing rates
After 1 week, three 0.25 mL and 0.50 mL straws derived from
each of two freezing curves were thawed on a water bath, at
37 C/1 min, and others at 70 C/8 s, following a further 30 s at
37 C. The semen was immediately evaluated, as per the same
parameters reported for fresh semen and also for kinematic param-
eters of sperm motility by computer-assisted semen analysis –
CASA, which will be described later.
Computer-assisted semen analysis – CASA
The thawed semen was diluted in ACP-116c on a proportion of
one part semen to one part extender; then, it was evaluated by
CASA, as described by Verstegen et al. [37]. Samples (10 lL) were
placed in a Makler chamber, allowed to settle for 1 min and main-
tained at 38 C. They were then examined in a phase contrast
microcopy system with stroboscopic illumination, coupled with a
video camera adapted to the Sperm Class Analyzer (SCA Version
3.2.0; Microptic s.l., Barcelona, Spain). The settings of the instru-
ment were adjusted according to the boar semen, including tem-
perature, 37 C; frame rate, 25 frames/s; minimum contrast, 75;
straightness threshold, 45%; low-velocity average pathway (VAP)
cut-off, 10; and medium VAP cut-off, 25. Three independent and
nonconsecutive microscopic ﬁelds were randomly selected and
scanned. The following endpoints were analyzed—number of
counted cells, total motility (%), progressive motility (%), VAP
(mm/s), velocity straight line (VSL; mm/s), curvilinear velocity
(VCL; mm/s), amplitude of lateral head (ALH; mm), beat cross fre-
quency (BCF; Hz), straightness (STR;%), and linearity (LIN;%).
Statistical analysis
A total of 12 replicates were performed for each treatment. The
results were expressed as mean and standard error (SEM). Data
were checked for normality by the Shapiro–Wilk test, and for
homoscedasticity by Levene’s test using the Statview 5.0 (SAS
Institute Inc. Cary, NY, United States). The values expressed in per-
centages were Arcsine transformed. The effect of each step of the
procedure (fresh, dilution, glycerol addition at 5 C or post-thaw-
ing) on subjective sperm motility was evaluated by variance anal-
ysis—ANOVA—for repeated measures. Comparisons among
different treatments (freezing curves, straw sizes, and thawing
rates) on the semen parameters were made by ANOVA, followed
by the Student Newman Keul’s t test. The same effects on sperm ki-
netic rating were evaluated by the nonparametric Mann–Whitney
test. Differences were considered signiﬁcant when P < 0.05.Results
A total of 15 attempts for semen collection were conducted in 8
animals. From those ejaculates, only 12 samples were used in the
experiment due to adequate sperm motility, concentration and
volume. Regarding ejaculates used, two were collected from each
of four males, and the other four males ejaculated only once. The
12 ejaculates used were white and watery, with an average volume
of 6.8 ± 1.3 mL. The other semen characteristics are expressed in
Table 1.
The evaluation of semen at each step of the freezing–thawing
procedure is reported in Table 2. The addition of the extenders in-
duced no decline (P > 0.05) in sperm motility or kinetic rating in
any group. However, the addition of glycerol at 5 C and also thefreezing–thawing process signiﬁcantly (P < 0.05) reduced the val-
ues for spermmotility and kinetic rating for all samples, but no dif-
ference was evidenced among treatments (P > 0.05).
After thawing, no differences (P > 0.05) for sperm characteristics
were veriﬁed between freezing curves when similar variables
(straw size and thawing rate) were considered (Tables 2 and 3).
In general, values for sperm characteristics found after thawing
at 37 C were better preserved than at 70 C (P < 0.05), both in
the use of 0.25 mL or 0.50 mL straws (Tables 2 and 3).
The evaluation of the kinematic parameters of sperm motility
generated by CASA (Table 4) conﬁrmed that no differences were
veriﬁed either between the different freezing curves (P > 0.05) or
between the straw sizes (P > 0.05). Similarly, sperm quality was
better preserved in the use of thawing at 37 C (P < 0.05).Discussion
Semen cryopreservation is an instrument indispensable to the
establishment of animal sperm banks [23]. Using the current meth-
ods for freezing boar semen, a substantial sperm number—usually
more than 50%—do not survive the freezing–thawing procedure
[13]. According to Huang et al. [18], a great loss of viable sperm oc-
curs during the freezing and thawing procedures, but only minor
changes occur during cooling. In peccaries, although, a signiﬁcant
reduction on sperm motility and kinetic rating was veriﬁed after
chilling to 5 C using both freezing curves. However, it is necessary
to emphasize that the semen was evaluated only after glycerol
addition, which is known for inducing changes in the lipid packing
structure of the sperm membrane, thereby altering sperm stability
and water permeability [38].
An important variation exist between treatments in the ﬁrst
part of the cooling process, i.e., from 27 to 5 C. The ﬁrst semen ali-
quot was cooled at a constant rate of 0.09 C/min, while the other
aliquot was cooled in two steps – from 27 to 15 C and from 15 to
5 C at a rate of 0.3 C/min. Such differences in the cooling rate
during the equilibration time did not inﬂuence neither the sperm
motility nor the kinetic rate in any sample derived from the pecca-
ries. Possibly, this species present an inherent resistance to the
variations in the temperature during equilibrium time, but there
is a lack of studies on the composition of the peccary sperm mem-
brane in order to prove this hypothesis. However, such character-
istic would be different from those ﬁndings reported for domestic
and miniature Bama pig, in which a slow equilibrium time lasting
about 3 h is suggest as the ideal [23].
It is a general observation in cryopreservation of semen and
other biological systems that each system has a speciﬁc optimal
freezing rate, showing a decreased survival at both too low and
too high freezing rates [25]. We verify that collared peccaries
sperm seem to be resistant to freezing rates varying from 10 to
40 C/min from 5 C to 196 C, independently of using 0.25 mL
Table 2
Mean values (±SEM) for subjective sperm motility and kinetic rating evaluated at each step of the frozen-thawing process of collared peccaries (Pecary tajacu) semen, extended in
powdered coconut water (ACP-116c), cryopreserved using slow and fast freezing curves, packed in 0.25- or 0.5-ml straws, and thawed at 37 C/60 s or 70 C/8 s (n = 12 ejaculates
from 8 males).
Freezing curve Slow freezing curve Fast freezing curve
Thawing rate Thawed at 37 C Thawed at 70 C Thawed at 37 C Thawed at 70 C
Straw size 0.25 mL 0.50 mL 0.25 mL 0.50 mL 0.25 mL 0.50 mL 0.25 mL 0.50 mL
Sperm motility (%)
Fresh semen 91.3 ± 1.9aA 91.3 ± 1.9aA
Diluted 81.7 ± 3.4aA 81.7 ± 3.4aA
Glycerol added at 5 C 63.8 ± 4.0aB 67.9 ± 3.7aB
Frozen-thawed 35.8 ± 6.3aC 38.7 ± 6.8aC 0.0 ± 0.0cC 9.6 ± 4.8bC 42.1 ± 8.1aC 41.7 ± 6.6aC 0.8 ± 0.8cC 20.0 ± 8.1bC
Sperm kinetic rating (0–5)
Fresh semen 4.7 ± 0.1aA 4.7 ± 0.1aA
Diluted 4.2 ± 0.2aA 4.2 ± 0.2aA
Glycerol added at 5 C 3.0 ± 0.2aB 3.2 ± 0.2aB
Frozen-thawed 2.7 ± 0.2aC 2.5 ± 0.1aC 0.0 ± 0.0bC 0.9 ± 0.4bC 2.7 ± 0.3aC 2.8 ± 0.2aC 0.2 ± 0.2bC 1.4 ± 0.4bC
a,b,cWithin a row, means without a common superscript differ (P < 0.05).
A,B,CWithin a column, means without common superscript differ (P < 0.05).
Table 3
Characteristics of frozen-thawed sperm from collared peccaries (Pecary tajacu), extended in powdered coconut water (ACP-116c), cryopreserved using slow and fast freezing
curves, packed in 0.25- or 0.5-ml straws, and thawed at 37 C/60 s or 70 C/8 s (n = 12 ejaculates from 8 males).
Freezing curve Slow freezing curve Fast freezing curve
Thawing rate Thawed at 37 C Thawed at 70 C Thawed at 37 C Thawed at 70 C
Straw size 0.25 mL 0.50 mL 0.25 mL 0.50 mL 0.25 mL 0.50 mL 0.25 mL 0.50 mL
Sperm viability (%) 42.9 ± 4.7a 36. 3 ± 3.7ab 17.0 ± 3.9c 27.4 ± 4.1bc 35.6 ± 5.4ab 37.7 ± 5.6a 19.8 ± 4.0b 34.5 ± 5.7ab
Hypo-osmotic swelling test (%) 29.6 ± 1.8a 26.7 ± 4.3ab 16.5 ± 2.5b 19.2 ± 3.2b 29.8 ± 3.6ab 27.0 ± 2.8a 19.3 ± 6.6ab 18.5 ± 2.4b
Sperm morphology
Normal (%) 53.9 ± 7.7a 60.7 ± 7.6ab 72.6 ± 4.6b 60.0 ± 7.5ab 58.1 ± 8.0a 64.4 ± 5.6ab 65.7 ± 6.8ab 65.8 ± 6.4ab
Primary defects (%) 2.7 ± 1.8ab 4.4 ± 0.8a 0.0 ± 0.0b 1.5 ± 1.2ab 3.2 ± 1.5a 4.1 ± 1.8a 1.2 ± 1.1a 0.8 ± 2.5a
Secondary defects (%) 43.4 ± 1.0a 35.0 ± 0.8a 27.7 ± 4.6b 38.5 ± 1.6a 38.6 ± 1.5a 31.5 ± 1.8a 33.0 ± 1.2a 32.7 ± 2.5a
Total defects (%) 46.1 ± 7.7a 39.3 ± 7.6ab 27.7 ± 4.6b 40.0 ± 7.5ab 41.8 ± 8.0a 35.6 ± 5.6ab 34.2 ± 6.8ab 33.3 ± 6.6ab
a,b,cWithin a row, means without a common superscript differ (P < 0.05).
Table 4
Kinematic motility endpoints, measured by computer-assisted semen analysis, of frozen-thawed sperm from collared peccaries (Pecary tajacu), extended in powdered coconut
water (ACP-116c), cryopreserved using slow and fast freezing curves, packed in 0.25- or 0.5-ml straws, and thawed at 37 C/60 s or 70 C/8 s (n = 12 ejaculates from 8 males).
Freezing curve Slow freezing curve Fast freezing curve
Thawing rate Thawed at 37 C Thawed at 70 C Thawed at 37 C Thawed at 70 C
Straw size 0.25 mL 0.50 mL 0.25 mL 0.50 mL 0.25 mL 0.50 mL 0.25 mL 0.50 mL
Number of cells 1303.0 ± 290.8a 1804.2 ± 294.4a 1463.9 ± 226.5a 1578.4 ± 268.9a 1328.7 ± 301.8a 1358.5 ± 243.6a 1483.5 ± 209.5a 1189.7 ± 158.9a
Total motility (%) 20.8 ± 3.9ab 32.2 ± 7.1a 3.1 ± 2.8c 6.5 ± 2.5bc 27.7 ± 7.5ab 24.9 ± 5.7ab 0.4 ± 0.1c 12.4 ± 4.2b
Progressive motility
(%)
7.3 ± 1.5ab 11.7 ± 2.8a 0.8 ± 0.8c 1.9 ± 0.8bc 10.7 ± 4.2a 9.1 ± 2.7a 0.0 ± 0.0b 4.2 ± 1.6ª
Velocity straight
line (lm/s)
11.5 ± 1.5a 10.6 ± 0.6a 5.5 ± 0.7b 6.1 ± 0.8b 10.1 ± 1.1ab 10.1 ± 0.5a 4.8 ± 0.7c 7.2 ± 1.0bc
Velocity curvilinear
(lm/s)
27.8 ± 2.1a 29.5 ± 1.9a 15.4 ± 1.2b 18.3 ± 1.9b 28.6 ± 3.2ª 27.5 ± 1.6a 14.2 ± 2.3b 19.6 ± 2.7b
Velocity average
pathway (lm/s)
16.8 ± 1.5a 16.4 ± 0.9a 8.6 ± 0.9b 9.6 ± 1.2b 16.2 ± 1.7ª 15.4 ± 0.8a 8.9 ± 1.5b 11.3 ± 1.5b
Linearity (%) 40.3 ± 2.3a 36.8 ± 1.2a 35.4 ± 3.2ab 31.8 ± 1.8b 34.5 ± 1.9ab 36.8 ± 1.2a 29.2 ± 3.3b 33.4 ± 4.1ab
Straightness (%) 67.4 ± 2.2a 64.3 ± 1.7a 63.3 ± 3.1a 61.8 ± 2.4ª 60.3 ± 3.2ab 65.1 ± 1.3a 57.1 ± 3.3b 57.5 ± 5.6ab
Amplitude lateral
head (lm)
2.6 ± 0.3a 2.4 ± 0.1a 0.3 ± 0.2b 1.2 ± 0.3b 2.2 ± 0.2ab 2.4 ± 0.1a 0.3 ± 0.2c 1.5 ± 0.3b
Beat cross
frequency (Hz)
4.2 ± 0.7a 4.8 ± 0.6a 0.3 ± 0.2c 1.8 ± 0.7b 3.8 ± 0.6ab 4.7 ± 0.5a 0.5 ± 0.4c 2.5 ± 0.7b
a,b,cWithin a row, means without a common superscript differ (P < 0.05).
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been reported to vary from 10 C/min for 0.5 mL straws [32] to
50 C/min for 0.25 mL straws [40]. It is known that the swine
sperm (the sperm membrane systems) become increasingly unsta-
ble at subzero temperatures [39] and the results for semen cryo-
preservation in swine remain unsatisfactory [23]. This is mainlybecause the lipid content and components of the plasma mem-
brane of pig spermatozoa are different from those of other mam-
mals, making pig spermatozoa very susceptible to cold shock and
freezing [21]. As of now, the composition of the sperm membrane
of peccaries remains unknown, but the results for semen cryopres-
ervation in such species seem to be very encouraging. Moreover,
54 M.A. Silva et al. / Cryobiology 67 (2013) 50–55we hypothesize that peccaries could present individual variation
related to the semen freeze ability, as recently reported for domes-
tic swine in which an inter-male sperm susceptibility to freeze–
thawing may modify the effect of the so-called ‘‘optimal freezing
rate’’ [27].
An accurate control of the freezing rate, as measured within the
straw, is not possible in nitrogen vapor freezers [39]. At present,
medium-sized straws (0.50 mL) provide an effective packaging
system for freezing boar spermworldwide. These straws allow uni-
form ice crystallization and enable the storage of a relatively high
number of sperm, achieving good post-thaw sperm survival and
acceptable fertility after AI. It is recommended that such straws
be thawed at 70 C/8 s in order to achieve the maximum sperm
survival [17]. In peccaries, however, no differences were veriﬁed
between 0.25 mL or 0.50 mL straws, when considering the same
freezing curve and thawing rate as a reference. Similarly, no differ-
ence between straw sizes was also described for agoutis, but sperm
from such animals can be thawed either at 37 C or 70 C [35].
According to Erickson and Rodriguez-Martinez [14], spermato-
zoa have to traverse the critical temperature zone of 15 C to
60 C during freezing and thawing, and both these events are
potentially harmful. A fast thawing rate has been reported as
resulting in better post-thaw semen quality than a slower thawing
rate for several species [29,30], including the boar [14]. In collared
peccaries, however, previous studies had demonstrated that thaw-
ing temperatures at 37 C/1 min or 55 C/7 s promote similar pres-
ervation of semen quality [7] and, as observed in the present study,
the increase of thawing rate to 70 C/8 s was extremely harmful for
the peccary sperm. In fact, it is reported that an increase in the
thawing rate could reduce the recrystallization of intracellular ice
[11,15]. On the other hand, it could also induce osmotic stress on
the sperm because of the abrupt melting of the extracellular solu-
tion that can cause unbalanced rates of water inﬂux and cryopro-
tectant egress, and can lead to swelling and lyses of cells [3,16,24].
As veriﬁed for collared peccaries, thawing temperatures at 37 C
are also recommended for Bama miniature pigs [23]. Indeed, even
in domestic swine, some authors recommend the use of such tem-
peratures according to the protocol adopted for semen cryopreser-
vation [22]. For Badinand et al. [5], thawing at 37 C is safer than at
higher temperatures because the time spent in high temperatures
is always critical and could have a lethal inﬂuence on the sperm
viability.
Quantitative data evaluated by CASA has allowed for the detec-
tion of subtle changes in sperm motion and velocity, improving
accuracy and efﬁciency in the discrimination between treatments
in laboratory studies of new extenders, cryoprotectants, and other
processes [1]. Based on this fact, along with the classic evaluation
of collared peccaries semen, we can afﬁrm that the results obtained
in the present research for different parameters of frozen samples
thawed at 37 C are similar to those previously reported by Castelo
et al. [8] and Silva et al. [34], using Tris- and coconut water extend-
ers, respectively. Besides, by evaluating samples for viability and
HOST, we conﬁrm that the semen quality was better preserved in
the use of thawing at 37 C; however, a signiﬁcant number or via-
ble sperm presenting functional intact membrane was identiﬁed
even in the use of thawing at 70 C. Added to the sperm morphol-
ogy that did not differ among the groups, this suggests that such
temperatures promote damage to the apparatus responsible for
motility in collared peccaries sperm, but the functional structure
of the cell remains unaltered.
In conclusion, we promote an improvement in the semen cryo-
preservation protocol by recommending the use of a fast freezing
curve that reduces the time spent on the procedure. Also, collared
peccaries semen can be packaged both in 0.25 mL or 0.50 mL
straws, but the thawing should be conducted at 37 C/1 min.References
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